In this paper influence of solvent polarity on the efficiency of ultrasound-assisted extraction of polyphenols from apple pomace was studied. In the experiment, three solvents were used: water, 60% ethanol and 96% ethanol. The extraction process was aided by ultrasonic waves at intensity of 60 W. Efficiency of extraction was determined by measuring total phenolic content, antioxidant activity, energy consumption and unit energy consumption. It has been shown that a 60% solution of ethanol is the most effective solvent for ultrasound-assisted extraction of polyphenols from apple pomace. The application of an appropriate solvent allows a significant reduction in the energy consumption of the extraction process, what is important for the sustainable use of energy sources in the food and agriculture sector.
INTRODUCTION
Waste utilization is a very important issue in the development of sustainable agriculture. Apple pomace is the main by-product of the industrial production of apple juice and cider (Reis et al., 2012) . The basic way of pomace utilization is use of it in cattle feed. Apple pomace can be also applied as fuel. Because of its high carbon and nitrogen content, up to 80% of organic matter the pomace can be converted into high-energy gas. The better way of pomace using is production of food preparations. The high content of fiber causes the waste bond metals well, what improves the removing it's from organism. On the other hand high content of polyphenols makes it possible to use the pomace for the production of preparations with increased antioxidant activity (Cao et al., 2009; Ćetković et al., 2008) .
Extraction is one of method for production of phenol preparations. The convectional extraction techniques such as maceration, percolation, extraction with mixing or Soxhlet extraction are usually time-consuming. Because of the above, new methods are being searched to increase the yield of extraction and to provide high quality of antioxidant components at the same time (Chemat et al., 2012) . There are different methods of extraction aided: pulsed electric field (Lohani and Muthukumarappan 2016; Schillinga et al., 2007) , microwave (Grigoras et al., 2013) or ultrasound (Kobus 2008 ).
The ultrasonic assisted extraction method significantly shortens the time of the process and increases the extraction of phenolic compounds from fruit waste including apple pomace (Pradal et al., 2016) . The ultrasonic extraction mechanism itself is widely known, but still different research is conducted into factors affecting the process efficiency such as: frequency and intensity of ultrasound, time and temperature of the process and nature of the solvent (Kobus and Kusińska 2008) .
The selection of a suitable solvent during ultrasonic extraction has a significant effect on the content of polyphenol compounds obtained from apple pomace and reduces the energy consumption (Pradal et al., 2016) . The polar nature of the solvent affects the content of substances extracted from the solid and passing to the solvent. From the eluotropic solvent series only ethanol and water are used in the food industry because of the non-toxic nature. Between these solvents, a large difference in the Snyder polarity index can be observed, respectively: 5.2 for ethanol and 9.0 for water (Snyder 1974) . In both solvents, there is a hydroxyl group, which makes it possible to form hydrogen bonds with soluble substances. Available results confirm that the effectivity of polyphenols extraction depends on the chemical structure of the extractant and the propagation of ultrasonic waves in liquid media.
The purpose of the study was to investigate the effect of solvent polarity on the process of ultrasonic extraction of polyphenols from apple pomace.
MATERIAL AND METHODS
The material used for the study was the apple pomace of the Jonagold variety bought at the local supermarket Tesco (Lublin, Poland). The apples after the wash were crushed and the juice was centrifuged in the juicer. Three types of solvents were used: water, ethanol 96% and ethanol 60%. A sample of 20 g of the pomace was mixed with 200 ml of solvent. Ultrasound-assisted extraction was performed using an ultrasonic processor (Sonic VCX 750) with a frequency of 20 kHz. The ultrasonic intensity was 60 W and the processing time 30 min. The extraction process was carried out in a water bath (Brookfield TC-502) maintaining a constant temperature of 25 °C. The content of polyphenols was measured using a spectrophotometer (Shimadzu UV-1800, Japan) using a modified Singleton method based on Folin-Ciocalteu reagent at 760 nm (Singleton et al., 1965) . The total polyphenol content was expressed as mg gallic acid equivalent per 100 grams of apple pomace.
Antioxidant activity was determined according to the modified Brand-Wiliam method and co-workers using the DPPH (1,1-diphenyl-2-picrylhydrazyl) radical (BrandWilliams et al., 1995) . For the analysis, 0.2 ml of apple juice was mixed with freshly prepared solution of DPPH radical dissolved in methanol. After 30 minutes of incubation in a dark room, the absorbance of the solution was measured at 516 nm. The antioxidant activity was expressed as the percentage inhibition of the DPPH radical calculated from the formula:
where: A0 -initial DPPH absorbance value, At -absorbance of the DPPH radical after a fixed reaction time.
The analysis energy consumption of ultrasonic-assisted extraction was performed with respect to the polyphenol contents obtained in the apple pomace. The unit energy input was determined by the following formula:
where: E -energy consumption (kJ), m -mass of polyphenols (g).
Each measurement was done in triplicate. The results of the study were statistically analyzed in the Statistica program using the one-way analysis of variance ANOVA. The significance of differences between means using the t-Tukey test was also investigated.
RESULTS
The physical and chemical properties of solvent play an important role in extraction process. The solvent has a significant effect on the amount of substance eluted from the solid matrix. The properties of the solvent affect its applicability and the cost of the extraction process. Figure 1 shows the total polyphenol content for 3 extractant types expressed in mg gallic acid per 100 g apple pomace.
water ethanol ( There were statistically significant differences between the total content of polyphenols and the type of solvent. The highest extraction yield was obtained with a mixture of water and ethanol (60% ethanol) and the lowest with ethanol (96%). The use of pure water as a solvent produced about 11% higher yield than 96% ethanol.
Water is more effective solvent due to higher polarity coefficient (Pin et al., 2009 ). The efficiency of the extraction process depends on the nature of the phenolic compounds present in the raw material. Gallic acid contains four hydroxyl groups and a carboxy group and is better soluble in highly polar solvents such as water.
Research conducted by Arize et al., (2014) also showed that water due to a higher polarity factor elutes more phenolic compounds from the solid than ethanol. Ethanol, due to its different molecular structure, is more effective in eluting such compounds as chlorogenic acid and flavonoids (Wijngaarda and Brunton 2010). Hence, a mixture of water and ethanol provides higher polyphenol extraction efficiency than the use of these solvents separately.
The important parameter determining the value of extracts is their ability to sweep free radicals (Panzella et al., 2013) . The effect of solvent polarity on antioxidant activity is shown in Fig. 2 . There was a significant effect of solvent polarity on the antioxidant activity of the obtained extracts. The smallest value of this parameter was observed for the extract obtained with water, and the largest with a 60% solution of ethanol. Extracts obtained with a 96% ethanol solution had slightly higher antioxidant activity than aqueous extracts, despite the fact, that they contained less phenolic in total. These findings are consistent with the results obtained by other authors. Galván d'Alessandro et al., (2012) and Virot et al., (2010) studying the solubility of polyphenols in various mixtures of water and ethanol achieved the highest solubility of these compounds in a 50% ethanol solution. Pradal et al., (2016) examining ultrasonic extraction of polyphenols from the root of chicory found the highest antioxidant activity in the case of 60% ethanol extracts. Wijngaard and Brunton (2010) extracting apple polyphenols (without the use of ultrasound) achieved the highest ability to sweep free radicals for extracts with an alcohol concentration from 50 to 60%. The changes of energy consumption in the ultrasonic extraction of polyphenol from apple pomace, depending on the type of solvent used, are shown in Figure 3 . There was a statistically significant effect of the solvent type on the energy consumption during the ultrasonic extraction of polyphenols from apple pomace. The lowest energy consumption was observed during extraction with 96% ethanol and the lowest during water extraction. Kobus and Kusińska (2008) showed that the type of solvent used and its physical properties have a significant effect on the amount of energy emitted by the ultrasonic head. This is because the constant amplitude of the ultrasound wave generated by the device depends on the resistance of the liquid. The ultrasonic processor consumes more energy in liquids with higher acoustic impedance. Hence, the energy generated by the sonicator during water extraction is higher than during the extraction with ethanol as a solvent. An important parameter during ultrasound-assisted extraction is the energy input needed to obtain the unit of extracted substance. Changes in this factor depending on the type of solvent are shown in Figure 4 . There was a statistically significant effect of the type of solvent used on the value of unit energy input. The smallest unit energy input was observed during extraction with 60% water and ethyl alcohol, while the highest in extraction with pure water as a solvent. The results clearly show that during the ultrasound assisted extraction of polyphenols from apple pomace, the best solvent is a 60% mixture of ethyl alcohol and water.
CONCLUSIONS
In the paper, an evaluation of the type of solvent used on the efficiency of the ultrasound assisted extraction of polyphenols from apple pomace was carried out. The results showed that total polyphenol content ranged from 45 to 68 mg GAE/100 g apple pomace, depending on the solvent used. The highest extraction yield was found in the case of 60% ethyl alcohol. Polyphenols obtained using this solvent also had the highest antioxidant activity. Energy efficiency analysis has shown that using 60% ethanol allows to obtain the lowest unit energy input. This input was about 28% lower than for the use of pure water as an extractant. Taking into account process efficiency and energy consumption, it is recommended to conduct the extraction of polyphenol from apple pomace using a 60% ethyl alcohol solution. The application of ultrasound-assisted extraction coupled with the selection of suitable solvent reduces energy consumption, what is important in the rational management of energy resources.
